ABSTRACT
INTRODUCTION
The world today has limited options in terms of analgesic, anti-infl ammatory and anti-pyretic drug usage, restricted to mainly the narcotics (morphine) and non-narcotics like salicylates and corticosteroids. Although most of us are aware that these agents have side-effects, and are expensive, still we helplessly bank on them, just hoping for a better alternative. Traditional medicine has already been declared by WHO as promotive, preventive, curative and rehabilitative and can serve as an alternative in this regard. 1 The present study was carried out on the plant known since antiquity named Moringa oleifera, to screen the analgesic, anti-infl ammatory, and antipyretic effects.
M. oleifera, Moringa pterygosperma (Family-Moringaceae) is native of south Asia, now grown worldwide. It is known as drumstick or Horseradish tree in English, Sahijan in Sanskrit, Mungna in Hindi, Sajna in Oriya, Sojne danta in Bengali. 2 It is a small medium sized, fast growing tree grown in hot arid regions and thrives well even in drought. The leaves are highly nutritious and a good source of beta carotenes, amino acids (methionine, cysteine, tryptophan, lysine), vitamin C, vitamin B 1 , vitamin B 2 , vitamin B 3 , iron, potassium, calcium, zinc, sodium and also a potential source of natural antioxidants. 3 Apart from the nutritious leaves, there also has been many folklore claims about this plant. The history of this plant dates back to almost 5000 years back and is documented in writings of the Romans, Egyptians and the Charaka samhita. 4 The leaves of M. oleifera were used as a poultice for sores, stomachaches, headaches and by African bushmen for rheumatic joint pain. 5 The previous phytochemical studies revealed the presence of fl avonoids, anthocyanin, cinnamates and proanthocyanidins, 4-hydroxymellein, ß-sitosterol, vanillin. 6 The leaves have a number of central nervous system (CNS) activities such as anticonvulsant, antidepressant and neuroprotective in Alzheimer's disease, anti-asthmatic, hypocholesterolemic, wound healing, CNS depressant antispasmodic, hepatoprotective, antihyperglycemic, antifertility, anti-ulcer, and antihypertensive. 6 The present study was done to evaluate analgesic, anti-infl ammatory and antipyretic effect of ethanolic leaf extract of M. oleifera on albino rats and mice. In this article, the botanical name of "drumstick tree," which is M. oleifera shall be used in all sections.
MATERIALS AND METHODS

Materials
Collection of plant material
Fresh leaves were collected from Chandaka forest near IMS and SUM Hospital, Bhubaneswar, Odisha -751 003 and its identity was confi rmed by scientists of the Orissa University of Agriculture and Technology, Bhubaneswar.
Preparation of extract
Leaves of M. oleifera were collected, dried in the shade and later made into powder. 90% ethanol was used to extract the powder using the method of soxhlation for 18 h. Whitman fi lter paper No. 1 was used to fi lter the extract and concentrated to yield a semi solid mass of 46 g (yield 9.2% w/w). Extract was refrigerated at 4°C and used later. 
Chemicals
Methods
Brewer's yeast induced pyrexia: Totally 60 rats were taken, dividing them into six groups, each containing 10 rats. Ethanolic extract of Moringa oleifera (EMO) was administered at 50, 100, 200, 400 mg/kg doses orally to the respective four groups. Control group was fed with normal saline at 2 ml/kg. 20% suspension of Brewer's yeast in normal saline was injected subcutaneously at a dose of 10 ml/kg body weight below the nape of the neck of rats in all groups. Pyrexia developed after 10 h of Brewer's yeast injection and the temperatures recorded. Animals that showed a rise in body temperature to at least 39°C were included in the study, allowing a minimal of six rats in each group, total of 36 rats. Drugs were given after development of pyrexia and temperatures recorded at 0, 0.5, 1 and 2 h. Paracetamol at 100 mg/kg orally was taken as the standard drug. The maximum reduction in average rectal temperature in comparison with the control group was calculated and compared.
Carrageenan induced rat paw edema test: The animals were randomly divided into six groups with six rats each; Group I: Control (normal saline given orally at 2 ml/kg body weight); Group II: Standard (aspirin at 200 mg/kg); Group III, IV, V, VI (EMO 50, 100, 200, 400 mg/kg respectively). The EMO, and the standard drug were administered by oral route after making suspension with tween 80. One hour later the rats were challenged with subcutaneous injection of 0.1 ml of 1% solution of carrageenan on the plantar surface of the left hind paw and the right hind paw served as control. The paw was marked with ink at the level of the lateral malleolus and immersed in the water chamber of the digital plethysmometer for measuring paw volume. The paw volume was measured before and after carrageenan injection at 0 and 3 h. The effi cacy of the drug was tested on its ability to inhibit paw edema. The increase in paw edema is calculated as a percentage compared with the basal paw volume. The formula used for calculating the percentage inhibition of paw edema is as follows:
7
Percentage of inhibition = (Vc−Vt/Vc) × 100. Vc = Paw edema in control group Vt = Paw edema in test groups
Analgesic activity
Acetic acid induced writhing method: The extract was given orally 1 h before, and standard drug diclofenac (10 mg/kg) was given intraperitoneally ½ h before the administration of acetic acid. On intra-peritoneal injection of acetic acid 1%, 10 ml/kg a characteristic response called the writhing syndrome was observed. This syndrome is characterized by a series of abdominal muscle contraction, extension of hind limbs, twisting and turning movements of the body, opisthotonos. 8 This behavior was observed after 5 min of administration of acetic acid and counted for total 10 min before and after the administration of the drug. The results were expressed as percentage protection of writhes comparing with the control.
Eddy's hot plate method: Albino mice were placed on a heated copper plate set at 55 ± 1°C and the time taken for either to sit on its hind paw and blow its forepaw paw was taken as the reaction time or latency time. The test drug (EMO) was administered orally 1 h before, and the standard drug morphine (1 mg/kg) was given intraperitoneally ½ h prior to the experiment. The cut-off period was taken at 15 s. The latency time was recorded at 0, 60 min of administration of standard and test drug. 
Statistics
The results of this study were tabulated using one-way ANOVA, followed by Dunnett's post-hoc test. Level of signifi cance was taken at P < 0.05. The results are displayed as Mean ± standard deviation.
RESULTS
The Brewer's yeast induced pyrexia model is a classical method for screening antipyretic action of plant extracts. The ethanolic leaf extract of M. oleifera showed signifi cant (P < 0.05) antipyretic activity at 100, 200, 400 mg/kg. Paracetamol showed signifi cant (P < 0.01) antipyretic activity from 0.5 h of drug administration upto 2 h. EMO at a dose of 50 mg/kg did not show antipyretic effect. EMO 100 mg/kg showed signifi cant (P < 0.05) action from 2 h and that for 200 mg/kg and 400 mg/kg from 0.5 h ( Table 1) . Table 2 shows the effect of EMO and aspirin on paw volume edema at different hours. Signifi cant reduction (P < 0.01) of paw edema was shown by aspirin and EMO (100, 200, 400 mg/kg). Figure 1 shows the percentage inhibition of paw edema by aspirin and EMO at different hours compared with the control. The percentage inhibition of paw edema at 3 rd h was 64.77% for aspirin and EMO 400 mg/kg showed 56.81% comparing with the control.
The ethanolic leaf extract of M. oleifera showed signifi cant (P < 0.05) analgesic activity in both the models showing a gradually increasing effect with an increase in dose (100, 200, 400 mg/kg). The results of the acetic acid induced writhing test along with the percentage inhibition of writhes are given in Table 3 . Dose-dependent increase in the percentage inhibition of writhes was noted with EMO 100, 200, 400 mg/kg showing 26%, 51% and 81% respectively. The result of EMO 400 mg/kg is almost comparable with the results with diclofenac. In Eddy's hot plate EMO (Table 4) .
DISCUSSION
Brewer's yeast here is an exogenous pyrogen (lipopolysaccharide that is the cell wall component of Gram-negative bacteria), which causes pathogenic fever by binding to lipopolysaccharide binding protein thus resulting in the release of cytokines like interleukin (IL1), IL6, tumor necrosis factor alpha (TNF-α) and ultimately prostaglandings. 10 These pro-infl ammatory mediators cross the blood brain barrier and act on the pre-optic/anterior hypothalamus triggering the release of prostaglandin E 2 (PGE 2 ) produced from (COX)-2 and thus elevating the body temperature. The anti-inflammatory activity of M. oleifera is attributed to its cyclooxygenase inhibitory activity. 11 The phytochemical ingredients in the leaf extract such as phenolics, flavonoids, tannins, saponins, and terpenoids could be responsible for the antipyretic activity of this plant. 12 Infl ammation is characterized in phases, the fi rst phase by vascular permeability, exudation of plasma, release of mediators; the second phase is due to migration of leucocytes and the fi nal phase is by granuloma formation. 13 This study is a subacute study using carrageenan as a phlogistic agent. The paw edema induced by carrageenan in rats is biphasic, the fi rst phase (0-1 h) due to release of 5-HT, histamine, bradykinin from mast cells, plateau phase (2 h) maintained by kinins, second phase (3 h) produced by prostaglandins, protease and lysosomes.
14 In this study ethanolic leaf extract of M. oleifera showed signifi cant (P < 0.01) reduction of paw edema at 100, 200, 400 mg/kg in the 3 rd h compared with control suggesting that the extract predominantly inhibited the release of prostaglandin like substances. The anti-inflammatory activity of ethanolic leaf extract of M. oleifera may be attributed due to the phytochemical ingredients in it like fl avonoids, 4-hydroxymellein, β sitosterol and vanillin. 12 Flavonoids play a major role here as it not only inhibits prostaglandin biosysnthesis, but inhibiting endoperoxidases but also enzymes like protein kinases and phosphodiesterases that are involved in the infl ammation process. 15, 16 In the analgesic study, EMO showed signifi cant (P < 0.05) results in both the experimental models showing both 9 Recently it has been found that nociceptive activity of acetic acid could be due to release of cytokines like TNF-α, IL-1β, IL-8 by the macrophages and mast cell in the peritoneum. 17 This test confi rms the anti-nociceptive action of EMO, which could be due to inhibition of prostaglandin synthesis. There is also a possibility that the anti-nociceptive action of EMO could be due to inhibition of cytokines like TNF-α, IL-1β, IL-8, however this needs to be confi rmed by further studies.
In Eddy's hot plate test, EMO increased the latency time to discomfort in rats. This model is used to screen the central analgesic effect in animal models. Here we can postulate that EMO acts via the periaqueductal gray matter to release endogenous peptides (endorphins or encephalins). 9 These peptides descend and act on the spinal cord to inhibit the pain impulses in the dorsal horn. Phytochemical ingredients like fl avonoids, saponins, tannins, terpenoids could contribute to its analgesic action.
12
CONCLUSION
The present study showed antipyretic, anti-infl ammatory, and analgesic actions of EMO leaf. However, further research is needed to explore the active ingredients contributing to its activities and to highlight the exact mechanism of action of this plant.
